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I Introduction
Following a period of recession, the Irish economy has enjoyed significant growth over the past decade, earning Ireland its "Celtic Tiger"
nickname. This growth, both in employment and output terms, is most marked in the manufacturing sector. The contrast in employment growth is primarily with EU countries, which have seen employment in manufacturing rise by 0. where employment has more than doubled since 1986; these sectors in 1996 account for 62 per cent and 17.4 per cent of total manufacturing employment in foreign and Irish-owned firms respectively. 3 The latest output data available (1995) , show that output of foreign-owned manufacturing firms accounts for 65.2 per cent of total gross manufacturing output (CSO, 1997) . In 1995, 65 per cent of national business expenditure on research and development (BERD) in Ireland was accounted for by subsidiaries of foreign multinational firms (Forfás, 1997) .
This contrasts sharply with estimates for other European countries: 37 per cent for Great Britain, 16 per cent for Germany and less than 10 per cent for Greece (OECD, 1998) .
The rapid growth of the Irish economy over the past decade and the simultaneous increase in (i) the number of foreign-owned plants in the high-tech sectors and (ii) the research and development (R&D) activities of foreign-owned plants has given rise to an increased interest in the relationship between foreign direct investment (FDI) and economic growth in Ireland. The issue arises as to whether the growth is linked to the sectors in which FDI is taking place or whether the technological performance of individual plants is a significant contributory factor. In particular, an important question is whether those plants that are undertaking R&D activities in their Irish plants are contributing more to the host region relative to those plants that undertake no R&D activities.
The exploration of plant-level technological activity in MNC plants
and their contribution to the host economy is a hybrid of two literature traditions. The first relates to the internationalisation of R&D activity.
Many authors have debated about the true extent of this internationalisation (Belitx and Beise, 1997, Braunerhjelm and Ekholm, 1997; OECD, 1998) and the tangible and intangible effects of this trend on host economies (Blomström and Kokko (1996) and Beise et al (1998) .
The second tradition are studies of the attraction of FDI to a host region (Dunning 1988 ) and specifically to Ireland (Ruane and Görg, 1996 and Foley and McAleese, 1991) with its subsequent effects on the Irish economy (McAleese and MacDonald (1978) , Farrell and O'Loughlin (1981) , Barry and Bradley (1997) ; Ruane and Görg (1998) .
In this paper we undertake a plant-level empirical analysis of the tangible effects of MNC technological activities, focusing on R&D aspects. Specifically, we use our plant-level dataset to explore different measures of R&D activity undertaken by foreign-owned plants in Ireland.
These empirical measures, derived from plant-level data, provide a new perspective on the extent of these R&D activities. The central question explored in this paper is whether the tangible contribution of MNC plants which undertake R&D investment in Ireland is greater than the tangible contribution of MNC plants which undertake no R&D investment. We conclude that R&D-active MNC plants in Ireland have (i) a higher probability of remaining operational in Ireland for a given time period and
(ii) create a higher quantity and quality of employment, relative to non-R&D active MNC plants.
Section 2 describes our plant-level dataset. In Section 3 we compare our estimates of R&D activities of MNCs in Ireland with the aggregate statistics provided by the OECD. In Section 4 we outline our expectations of a relationship between investment in R&D and the subsequent performance of MNC subsidiaries in Ireland. In Sections 5 and 6 we compare the survival experiences and the employment performance respectively of R&D-active MNCs, relative to non-R&D active MNCs.
The final section contains a short summary and some conclusions.
II Data & Sectoral Classification
The data set explored here is a unique combination of two sources.
The R&D data are drawn from a series of surveys of R&D performing plants, undertaken by the policy and advisory board for industrial development in Ireland (Forfás) . This organisation has statutory responsibility for R&D statistics in Ireland. For the years 1986 to 1995, the biannual surveys reported data on the population of R&D performers with ten or more employees in the manufacturing and internationallytraded services sectors. 4 The employment data (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) are drawn from the annual employment surveys undertaken by the same agency.
Similar to the R&D data, these employment surveys cover the population of plants in the manufacturing and internationally traded service sectors.
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The employment survey data covers all plants and in matching the two We define an MNC plant or a foreign-owned plant as any plant where in excess of fifty percent of the equity is held by non-Irish residents -this is the classification used in both surveys. Because a plant's current (i.e., 1996) nationality only is maintained in the dataset, we are unable to take account of any changes in ownership during the period 1980-1996. 7 Throughout this paper we use the OECD sectoral classification to aggregate sectors into four groups:
4 The biannual surveys switched to odd number years in 1991, thereby following immediately after the 1990 survey of technology in industry. Forfás estimates a response rate close to 100% for this survey.
There is an additional survey of innovation in Irish manufacturing in 1992. 5 The response rate is greater than 90% for this survey (Strobl, 1996) 6 Forfás was established in 1993 and involved the merger of the planning division of the Industrial Development Authority (IDA) which began its employment surveys in 1973 and the Science and Technology Division of Eolas, which began its employment surveys in 1967. 7 The effect of this is that some indigenous firms which are taken over by foreign-owned firms during that period are classified as foreign firms.
• We classify a plant as being "R&D-active" where that plant has reported at minimum an average annual R&D investment of £25,000 over the period 1986-1995. Plants with an annual mean of £100,000 or over in R&D spend over this period are classified as "large R&D spenders". Gray (1997) 
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(Table 1)
The overall change in the number of plants is the net result of plant entry and exit. We summarise in Table 2 the entry pattern of foreignowned plants into the Irish manufacturing sector over the period [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] . A mean annual entry rate is calculated using methodology outlined in Strobl et al (1998) and originally in Davis and Haltiwanger (1990) .
The plant population size is defined in the manufacturing sector as
where P Et is the number of plants in category 12 E at time t and a Et is the average number of plants in this category over the period t-1 to t. The number of births is calculated as the number of plants alive in category E in time t that were not alive in category E in time t-1. The birth rate is defined as follows:
, the birth rate, is a measure of the extent of entry into an industry (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) . Over this period, there was a mean annual birth rate for all plants of 4.6 per cent. Disaggregating these plants by sector, we find that the mean annual entry rate in the high-tech sector is significantly higher than those in the less technologically-sophisticated sectors.
12 Examples of these categories could be sector, age category or size category. (Table 3) Ireland has the largest share of industrial R&D accounted for by foreign affiliates as shown in Table 3 , by a factor of almost two. The country's unique position in terms of the scale of R&D activity accounted for by
MNCs is explained by the OECD as the combination of (i) very low levels of R&D spend by indigenous plants in the Irish manufacturing sector and
(ii) the relatively large presence of foreign multinationals in the Irish manufacturing sector generally (OECD, 1998:18) . The OECD also estimates the intensity of the R&D investment by MNCs across countries.
We note from Table 3 that Ireland has a lower R&D intensity than many of the other countries, with the exception of the Netherlands (OECD, 1998:22). 13 There are two possible explanations for this low intensity.
Firstly, the small numbers of foreign-owned plants undertaking R&D relative to the total number of such plants in Ireland. Thus, when all foreign-owned plants are aggregated, we arrive at a relatively high total for manufacturing turnover and a relatively smaller total for R&D spend. An alternative measure of R&D intensity would involve aggregating over only those plants that undertake R&D expenditure. Secondly, the turnover figures reported by MNCs in Ireland may be artificially high relative to the true level of value added and production that takes place in Irish plants, to the extent that there they engage in profit-switching transfer pricing. 14 If this is the case, our estimates of R&D intensity would be underestimated.
We do not have the same concerns regarding the R&D figures reported by MNCs in Ireland. Indeed, the low corporation tax rate, which limits the value to foreign-owned plants of write offs against R&D expenditures, reduces the incentive for foreign-owned plants to undertake R&D expenditures in Ireland, and may itself explain the relatively low rate.
To look at the dispersal of foreign affiliate R&D spend in Irish manufacturing, we disaggregate by sector. Table 4 compares the national share of R&D spend (both manufacturing and some non-manufacturing)
for 1986 and 1995 (Forfás, 1997) . R&D spend by MNCs is predominantly in the higher technology sectors. In 1986 all foreign plants accounted for 66 per cent of total business expenditure on research and development in
Ireland. Of this 66 per cent, two thirds was expended in both of the highertechnology sectors. Again in 1995, the pattern is similar, as real rates of growth were almost identical across all sectors over the period 1986-1995.
The OECD, on the basis of a further disaggregation of the Irish high-tech sector into sub-sectors, reports that foreign affiliates were responsible in 1993 for 95 per cent of national R&D spend in the pharmaceutical sector, 78 per cent in the computer software industry and 64 per cent in the car industry (OECD, 1998:68) . (Table 4) 13 R&D intensity is calculated as total R&D spend of all foreign affiliates divided by the sum of manufacturing turnover produced by all foreign affiliates. 14 Profit-switching transfer pricing is a mechanism whereby foreign subsidiaries report a higher value of their sales (profits) in Ireland to avail of the low corporation tax rate as discussed in Stewart (1989) and Murphy (1998). We use plant-level data to summarise the incidence and intensity of R&D activity in foreign affiliates in Ireland. Tables 5 and 6 show the percentage of the population of foreign-owned plants with ten or more employees undertaking R&D in 1986 and 1993, the latest year for which the data are available.
( Table 5 ) European plants report a lower intensity of (49) The quantity of employment in a plant is a function of its output. We assume that the greater the quantity and range of products produced at the plant, the greater the scale of adaptation required of those products for the local markets. Thus plants undertaking experimental R&D are hypothesised to have higher production levels than a plant which does not, and, by extension, greater employment. 20 de Arcos et al (1997:4) cite a MERIT interview where the manager of a plant concluded that key R&D personnel would not be willing to move to the US with the firm, thus the firm would not relocate.
There are several reasons why the employment might be of a higher quality. The first reason is simply that R&D personnel will be employed directly, which will typically not be the case in a non-R&D-active plant.
The second reason is that plants which undertake R&D in Ireland are hypothesised (confirmed later on) to remain operational in Ireland for longer time periods than plants which do not undertake R&D. Thus there is a higher probability that an individual job that is created today will exist for longer than an equivalent position in a non-R&D-active plant. Thirdly, plants which undertook R&D as an input into the innovation process have also invested heavily in other aspects of innovation. Breathnach and Fitzgerald (1994) [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] or a minimum of one year.
We note the growing gap between sectors the longer the time period we consider. The probability of a plant remaining in operation in Ireland for the full seventeen years is positively related to the level of technological sophistication of the sector in which it operates. From the data underlying Figure 1 , we can derive Table A1 (in the appendix) which shows the estimated probabilities that a plant in a given sector will survive 5, 10 or 17 years over the period 1980-1996. The longer the time period considered ex ante, the lower the probability of the plant remaining operational (surviving) in Ireland for one additional year (Audretsch 1991 (Audretsch ,1995 Kearns and Ruane, 1998) . The probability of all foreignowned plants surviving 17 years in the Irish manufacturing sector is approximately 47 per cent, compared with 55 and 70 per cent probability respectively for five and ten years between 1980 and 1996. 21 These probabilities have been estimated using lifetable analysis. Lifetable analysis is a technique which permits the estimation of the probability of an event (exit) occurring at different time (years) points. It allows for the fact that not all plants will have exited during the period of observation. Lifetable analysis allows a cohort to be distinguished by one characteristic only and the differing probabilities to be estimated for each group.
An equivalent analysis can be undertaken on a cohort of MNC's classified as non-R&D spending plants or as R&D spending plants, but only for shorter time horizon of 1986-1996, because of the shorter duration which our R&D data cover relative to the employment data in the previous lifetable analysis.
(Figures 2(A) and 2(B))
Taking a cohort of plants (ten or more employees in 1986) it is possible to examine whether the average annual R&D spend of a foreign-owned plant had any bearing on the probability that the plant remained operational (Table A2) relative to an equivalent probability of almost 90 per cent for R&D spending plants. When we make a distinction within R&D spending plants according to the scale of R&D spend (Figure 2(B) ), we find that the probability of a plant remaining in Ireland for a given time period increases with the scale of R&D activity. In Table A2 we see that the probability of a large R&D spender remaining in Ireland for ten years is over ninety per cent relative to eighty five per cent for a small R&D spender and relative to sixty one per cent for a non-R&D spending MNC.
(B) A Cox Duration Model
A limitation of the lifetable analysis above is the inability to distinguish plants by more than one characteristic, in particular, we were unable to distinguish the R&D-spending plants by other characteristics, such as plant size and age. The Cox duration model (1972 Cox duration model ( , 1975 estimates the risk of exit (hazard) facing a plant in our cohort as a function of plant and sectoral explanatory variables. This proportional hazards model takes account of duration heterogeneity, i.e., the differing lengths of time over which our plants remained operational post-1986. The hazard is the conditional probability of a plant leaving the manufacturing sector at duration t. The hazard rate is the rate at which a plant exits during period t
given that it has survived until time t, i.e., it measures the risk of exit for a plant during the next year. We obtain a baseline hazard function, h t 0 ( ) , which is estimated when all of the explanatory variables (covariates) are In order to use the proportional hazards Cox model, we must assume that the ratio of the baseline hazard function h t 0 ( ) and the estimated hazard function h t ( ) (when an explanatory variable is included) is proportional across time. This implies the contribution of the explanatory variable to the risk of exit across time is identical. In our case, the contribution of R&D activity to the risk of exit facing a plant is the same in 1986 as it is in 1996. The assumption of using this proportional hazards model is that none of our explanatory variables vary across time. They are all cross-sectional.
We express the model to evaluate many independent variables as
where h t 0 ( ) is the baseline hazard function when all of the covariates are set to zero and h t ( ) is the estimated hazard function when the value of the covariates ( x x x n 1 2 , ... ) are nonzero.
The emphasis of this paper is on the probability of survival for an foreignowned plant given its characteristics and external environment. The survival function S(t) is an estimate of the probability of surviving longer than a specified period. The cumulative hazard function H t ( ) is related to the survival function: H t S t ( ) ln ( ) = − , where
and where p e x = β . The survival function is obtained by raising the baseline survival function (this is the function when all the explanatory variables are set to zero) to the power of e x β . The cumulative hazard and the cumulative survival functions approximately add to one, the difference from one being due to the standard error of the cumulative survival estimates. Therefore the probability of surviving a given time period is one minus the probability of exiting in that period.
The Cox model is estimated for the population of foreign-owned plants with ten or more employees in 1986. The dependent variable is the length of duration the plant remained operational (survived) post-1986. We include dummy variables to account for each plant's scale of R&D activity over the period 1986-1993, its nationality, the period in which the plant began operating in Ireland, and the sector in which the plant is operating.
In addition we include the mean annual entry rate of foreign-owned plants by industrial subsector and the employment size of the plant in 1986. For a general discussion of the factors affecting survival of plants, see Audretsch (1995) and Siegfried and Evans (1994) . Specifically for Ireland, see Walsh et al (1997) for the effect of exchange rates on foreign plants and Kearns and Ruane (1998) for the role of research and development as it affects the survival rates of indigenous plants.
(Table 7)
Interpretation of the Results
The estimated model (Table 7) for all plants with ten or more employees in 1986 is statistically significant. 22 We report the hazard ratio for each of our explanatory variables. A ratio of less (greater) than one confirms that for a one unit increase in a variable, the risk of exit for the plant is reduced (increased). The larger the firm is in 1986, the lower the risk of exit and the higher the probability of survival facing the plant over the period [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] . Plants in the low-tech sectors have a significantly 22 A table of descriptive statistics and correlation coefficients for all exogenous variables are in appendix A in Tables A3 and A4. lower probability of remaining in Ireland over the period relative to plants in the high-tech sector. The greater the extent of entry of foreign subsidiaries into the Irish manufacturing sector lowers the probability of existing foreign affiliates remaining operational in Ireland. This is contrary to our initial expectations that the continuous entry of high-tech plants would encourage existing plants to remain and avail of spillovers from new plants. One possible explanation for our estimate may lie in the observation that the industrial restructuring which has taken place on a global scale may be being replicated within Ireland. Those firms that are currently expanding within an industry will be expanding their FDI while simultaneously their declining competitors will be contracting their FDI.
23
Plants engaging in both small and large scale R&D investments have a higher probability of remaining in Ireland relative to non-R&D spending plants.
Equations 2 through 7 provide alternative measurements of a plant's technological activity. Using these alternative measures we attempt to account not only for the presence of R&D activity but for the scale of activity within a plant. In Equation 2 we observe that large R&D spending plants have a smaller risk of exit relative to both small and non-R&D spending plants. All six measures of the scale of R&D activity are significant and all reduce the risk of exit facing a plant, ceteris paribus.
VI The Quantity and Quality of Employment Created
The second motive behind government policy towards expanding R&D-active plants derives from the belief that such plants would create a greater quantity and quality of employment than similar non-R&D-active plants.
(A) The Quantity of Employment Created
The following tables are based on an analysis of a cohort (foreign affiliates with ten or more employees in 1986). Overall there is net job destruction in the cohort (11.1%) over the period 1986-1996. However within sectors in Table 8 , there is net job creation by MNC plants in the two higher tech sectors (3.1% and 2.4%) in comparison with the net job destruction in plants in the two lower tech sectors (-10.4% and -28.8%).
(Table 8)
It is also possible to analyse how the overall net job destruction rate of the cohort varies according to whether the plant is or is not an R&D-spending plant as in Table 9 . Large R&D spenders have a net job creation rate of over 12 per cent compared to the net job destruction rate of over 28 per cent for both small R&D spending and non-R&D spending plants.
R&D spend is not associated with significant net job creation unless undertaken on a significant scale.
(Table 9)
An extension of the previous analysis is to consider those foreign affiliates in the cohort which are alive in both 1986 and 1996. There are 496 such plants out of a total of 691. This allows us to distinguish the effects of closures on the data. When we remove the plants which have exited, we find that there is overall net job creation rate of 9.6 per cent.
There is a 20 per cent net job creation rate for large R&D spending plants, compared with under 12 per cent for non-R&D spending plants. Small R&D-spending plants have a net job destruction rate of 20 per cent (see Table 10 ).
(Table 10) (B) The Quality of Employment Created
We can attempt to measure the quality of employment created using measures of job persistence (Davis and Haltiwanger 1996: 21-26) . We define quality in terms of the duration that a new job will exist, since our data do not allow us to account for quality in terms of the skilled or unskilled nature of the employment. Essentially whenever a quantity of jobs is created, we estimate the percentage of those jobs that still exist in 1,2,3 or 4 years time. A limitation of this analysis is that we cannot be sure that they are precisely the same jobs that survive over a given time period.
We are limited to examining to what extent the company maintains its new employment levels which contain the newly created jobs. If all of the jobs created survive, we note that there is a 100 per cent job persistence rate. If the plants employment level falls to a level below that which existed before the jobs were created, we say that there is zero per cent persistence rate. ( Table 11) When we consider R&D spenders in Table 12 , the average persistence rate of jobs created is higher in the majority (although not the case for one year rate) for both the large and small R&D spenders relative to the non-R&D spenders. The persistence rate for the non-R&D spending plants falls off sharply by the second year and by the fourth year (43.7%)
is under half that of the equivalent rate for jobs created by large R&D spending plants (99.0%).
(Table 12)
VII SUMMARY and CONCLUSIONS
In this paper we have examined whether the R&D activities of Forfás. Categorical Variables are benchmarked against thecategory. . *** = significant at the 1% level ** = significant at the 5% level *=significant at the 10% level Source: Calculated using data from Forfás. Table A4 : Simple correlation coefficients for exogenous variables in Eqn 1 in Table 7 
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